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ABSTRACT: The ability to self-generate positive emotions is an important component of emotion regulation. In this study, we focus on children’s latency
to express positive emotions following challenging situations and assess whether this ability operates through early maternal sensitivity and children’s
effortful control. Longitudinal relations between maternal sensitivity, infant negative affect, effortful control, and latency to positive emotion following
challenge were examined in 156 children who were 33 months of age. Structural equation models supported the hypothesis that maternal sensitivity
during infancy predicted better effortful control and, in turn, shorter latencies to positive emotions following challenge at 33 months. Directions for
future research are discussed.
RESUMEN: La habilidad para autogenerar emociones positivas es un componente importante de la regulacio´n de la emocio´n. En este estudio, nos
enfocamos en el estado latente de los nin˜os para expresar emociones positivas despue´s de situaciones desafiantes y evaluar si esta habilidad opera
a trave´s de la temprana sensibilidad maternal y el esforzado control de los nin˜os. Se examinaron las relaciones longitudinales entre la sensibilidad
maternal, el efecto negativo del infante, el control esforzado, y el estado latente hacia la emocio´n positiva despue´s de situaciones desafiantes, en 156
nin˜os de 33 meses. Los modelos de ecuacio´n estructural apoyaron la hipo´tesis de que la sensibilidad maternal durante la infancia predijo un mejor
control esforzado y, a la vuelta, los ma´s cortos estados latentes hacia emociones positivas despue´s de situaciones desafiantes a los 33 meses. Se discuten
las directrices para la investigacio´n futura.
R ´ESUM ´E: La capacite´ a` auto-ge´ne´rer des e´motions positives est une composante importante de la re´gulation des e´motions. Dans cette e´tude nous nous
concentrons sur la latence des enfants a` exprimer des e´motions positives apre`s des situations difficiles et nous e´valuons si cette capacite´ ope`re a` travers
une sensibilite´ maternelle pre´coce et le controˆle fait avec effort des enfants. Les relations longitudinales entre la sensibilite´ maternelle, l’affect ne´gatif
du nourrisson, le controˆle fait avec effort et la latence et l’e´motion positive apre`s des difficulte´s ont e´te´ examine´s chez 156 enfants de 33 mois. Des
mode`les d’e´quation structurelle ont soutenu l’hypothe`se selon laquelle la sensibilite´ maternelle durant la petite enfance pre´disait un meilleur controˆle
avec effort et ensuite des latences plus courtes vers des e´motions positives apre`s des difficulte´s a` 33 mois. Des directions pour des recherches a` venir
sont discute´es.
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ZUSAMMENFASSUNG: Die Fa¨higkeit, positive Emotionen selbst zu erzeugen, ist ein wichtiger Bestandteil der Emotionsregulation. In dieser Studie
fokussieren wir auf die Latenzzeit von Kindern, positive Emotionen nach herausfordernden Situationen zu zeigen, und beurteilen, ob diese Fa¨higkeit
durch fru¨he mu¨tterliche Feinfu¨hligkeit und bewusste Kontrolle der Kinder beeinflusst wird. Longitudinale Beziehungen zwischen mu¨tterlicher Fe-
infu¨hligkeit, dem negativen Affekt des Sa¨uglings, bewusster Kontrolle und der Latenzzeit hinichtlich positiver Emotionen nach einer Herausforderung
wurden bei 156 Kindern im Alter von 33 Monaten untersucht. Strukturgleichungsmodelle unterstu¨tzten die Hypothese, dass die Feinfu¨hligkeit der
Mu¨tter wa¨hrend des Sa¨uglingsalters eine bewusstere Kontrolle und wiederum ku¨rzere Latenzzeiten fu¨r positive Emotionen nach einer Herausforderung
im Alter von 33 Monaten voraussagen konnte. Hinweise fu¨r die zuku¨nftige Forschung werden diskutiert.
ABSTRACT: The ability to self-generate positive emotions is an important component of emotion regulation. In this study, we focus on children’s latency
to express positive emotions following challenging situations and assess whether this ability operates through early maternal sensitivity and children’s
effortful control.
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The ability to flexibly adapt and self-generate positive emo-
tions following challenge and changing contexts is an important
aspect of emotion regulation. Within early childhood, this has been
demonstrated in a number of studies. For example, generating
positive emotions following challenge has been reflected in in-
fants’ ability to resume playful interactions following physical and
emotional separation from caregivers in the Strange Situation and
Still-Face paradigms (Haley & Stansbury, 2003; Kogan & Carter,
1996; Rosenblum, McDonough, Muzik, Miller, & Sameroff, 2002;
Thompson & Lamb, 1984; Weinberg & Tronick, 1996). This also
has been demonstrated by young children’s ability to self-generate
positive emotions following disappointment, which has been asso-
ciated with low levels of behavior problems (Cole, Zahn-Waxler,
& Smith, 1994).
Changing contexts require children to easily transition and
flexibly adapt their behavior and expressions of emotions to be in
concert with new contextual demands. For example, as an indica-
tor of regulation, Clark, Woodward, Horward, and Moor (2008)
assessed the quality of preschool children’s transitions between
problem-solving tasks and how smoothly children moved from
one task to another or refused to transition across tasks. The ability
to modify behavior as a function of the demand characteristics of an
environmental context (i.e., ego-resiliency; Block & Block, 1980)
also has been examined and has been found to be associated with
competence and low levels of internalizing behaviors (Eisenberg
et al., 1997; Eisenberg et al., 2004).
In sum, children’s ability to flexibly adapt and generate posi-
tive emotions following challenge and changing contexts has been
identified as an important aspect of emotion regulation and better
functioning. Little attention, however, has been given to identifying
early antecedents and processes related to this ability. Therefore, in
this study, we address this gap by examining early predictors and
mechanisms that may underlie the ability to generate positive emo-
tions following challenge and changing contexts—a component of
emotion regulation.
DEVELOPMENT OF EMOTION REGULATION
Emotion regulation develops in the context of early caregiver–
infant interactions (Field, 1994). Theory and research have sug-
gested that the development of emotion regulation is based on
caregivers’ sensitivity and the infants’ negative affect (Calkins,
1994; Kopp, 1989; Mangelsdorf, Shapiro, & Marzoff, 1995;
Nachmias, Gunnar, Mangelsdorf, Parritz, & Buss, 1996). High
levels of sensitive caregiving and low levels of negative affect
are expected to predict emotion regulation. Although infants may
attempt to regulate their emotions through withdrawal and self-
stimulating behaviors, they may have difficultly in independently
regulating their emotions because their systems are not sufficiently
developed. Therefore, infants are dependent on external supports
to help them regulate their emotions.
Studies examining early predictors of emotion regulation have
reported that maternal sensitivity is associated with emotion reg-
ulation in infancy (Cohn & Tronick, 1983; Field, 1981; Gable &
Isabella, 1992; Stifter & Moyer, 1991), and warm, accepting par-
enting control has been found to be associated with emotion regu-
lation in preschoolers (Gilliom, Shaw, Beck, Schonberg, & Lukon,
2002). Conversely, higher levels of infant negative reactivity have
been found to predict lower levels of regulation (Braungart-Rieker
& Stifter, 1996). In the context of maternal sensitivity, however, in-
fants with high negative reactivity have been found to demonstrated
less emotion dysregulation during preschool (Leerkes, Blankson,
& O’Brien, 2009).
Significantly less attention has been placed on predictors of
children’s expressions of positive emotions, particularly follow-
ing challenge. In related studies, maternal sensitivity has been
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found to be associated with concurrent ratings of infant emotion
regulation following the Still-Face challenge (Braungart-Rieker,
Garwood, Powers, & Notaro, 1998; Kogan & Carter, 1996; Rosen-
blum, et al., 2002), and secure attachment at 18 months predicted
higher ratings of ego-resiliency at 4.5 years (e.g., flexible adaption
across changing contexts) (Arend, Gove, & Sroufe, 1979). There-
fore, it is possible that the extent to which mothers demonstrate
sensitivity during play in infancy, along with lower levels of infant
negative affect, may forecast the long-term ability to self-generate
positive emotions following challenge during early childhood. It
also is possible that this may operate through children’s effortful
or “willful” control (EC).
EC
EC refers to the ability to inhibit a dominant response to per-
form a subdominant response (Rothbart, 1989). It consists of the
regulatory (vs. reactive) components of temperament and regu-
lates children’s reactive and impulsive behaviors. EC undergoes
dramatic growth during the third year of life, particularly around
30 months, and develops at different rates for children (Rothbart,
Ellis, Rueda, & Posner, 2003). During this time, executive atten-
tional abilities, located in the anterior attention network, begin to
grow dramatically and take over the control of attention, facilitating
the development of EC.
As such, EC includes components such as attentional and
behavioral persistence. The ability to focus attention and inhibit
impulses to persist on challenging tasks has been extensively used
in studies of EC and self-control (Dennis, 2006; Drake, Belsky, &
Fearon, 2013; Taylor, Eisenberg, Spinrad, & Widaman, 2013). In
previous research by Liew et al. (2003), observational measures
of attentional and behavioral persistence during challenging tasks
were positively associated with additional indices of EC and neg-
atively correlated with externalizing behaviors (Eisenberg et al.,
2004). Therefore, observed EC measures such as behavioral persis-
tence are associated with children’s socioemotional development
and also may be associated with their ability to generate positive
emotions following challenge.
This is consistent with theory. According to Posner and
Rothbart (2000), attentional abilities underlie emotion regulation,
and the development of the attention system facilitates increased
ability to regulate emotions. Likewise, Rothbart and Posner (2006)
suggested that EC is an important mechanism underlying the abil-
ity to flexibly adapt across changing contexts (i.e., ego-resiliency).
Based on theory and existing evidence for relations between EC
and emotion regulation (Posner & Rothbart, 2000), we propose
that EC may underlie the ability to self-generate positive emo-
tions following challenge. Supporting evidence includes reports
that EC has been found to be associated with emotion regulation
as assessed by the ability to express positive emotions following
disappointment (Kieras, Tobin, Graziano, & Rothbart, 2005;
Simonds, Kieras, Rueda, & Rothbart, 2007). Specifically, children
between the ages of 3 and 5 years who scored higher on EC and
children between the ages of 7 and 10 years who had high levels
of executive attention self-generated more positive emotion fol-
lowing the receipt of both desirable and undesirable gifts (Kieras
et al., 2005; Simonds et al., 2007). It is not clear, however, whether
EC is associated with generating positive emotions following chal-
lenge at 33 months. We address this gap by examining whether EC
is associated with shorter latencies to positive emotion following
challenge. We also examine whether EC mediates the longitudinal
relations between early predictors and the ability to self-generate
positive emotions following challenge. These early predictors may
include maternal sensitivity and infant negative affect.
PREDICTORS OF EFFORTFUL CONTROL
Theorists have long proposed the role of the environment and social
relations in the development of higher order control skills. For
example, Vygtosky (1981) proposed that higher order skills reflect
voluntary versus reactive abilities, and with the help of others,
individuals can learn to inhibit automatic responses and voluntarily
select alternative behaviors. Accordingly, it was in the joint socially
mediated interaction space and support where alternative strategies
could develop (Vygotsky, 1981).
Although EC is hypothesized to have a genetic component,
contemporary theorists have proposed that EC develops from an
interplay between temperamental characteristics and environmen-
tal experiences (Posner & Rothbart, 2000). One of these includes
parenting, which appears to make significant contributions and
shape its development (Goldmsith, Buss, & Lemery, 1997; Kopp,
1989, 1992; Rothbart & Bates, 2006).
A number of investigators have documented relations between
maternal sensitivity and maternal attention support and children’s
long-term EC in preschool and elementary school (Graziano,
Keane, & Calkins, 2010; Kochanska, Murray, & Harlan, 2000;
Olson, Bates, Sandy, & Schilling, 2002; Spinrad et al., 2012).
For example, Kochanska et al. (2000) noted that maternal respon-
siveness at 22 months and infant sustained attention at 9 months
were positively related to EC at 22 and 33 months. Parental verbal
stimulation, along with warm, positive, responsive, and contingent
parenting, also has been found to longitudinally predict inhibitory
control (Kochanska, Murray, & Harlan, 2000; Li-Grining, 2007;
Olson, Bates, & Bayles, 1990) whereas negative controlling behav-
iors such as power-assertive behaviors and taking over tasks for
children have been found to predict poorer delay inhibition
(Silverman & Ragusa, 1990). Furthermore, in studies utilizing
data from the National Institute of Child Health and Human De-
velopment (NICHD) Early Child Care Research Network (1998),
sensitivity across the first 3 years predicted children’s EC, specifi-
cally the ability to voluntarily control and resist temptation at 2 and
3 years. If mothers have engaged in more attention-redirecting be-
haviors during problem-solving tasks, however, temperamentally
inhibited toddlers have been found to demonstrate lower levels of
EC-related variables (e.g., delay inhibition) at preschool. In sum,
existing data underscore contributions of maternal sensitivity and
child temperament in the prediction of EC.
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Recently, Taylor et al. (2013) examined prospective relations
between maternal behaviors, EC, and ego-resiliency. Findings from
their study revealed significant indirect effects of EC in mediating
relations between early parenting and children’s subsequent ego-
resiliency. Specifically, maternal intrusive parenting at 18 months
negatively predicted EC at 30 months; this in turn predicted lower
levels of ego-resiliency at preschool. Their study has provided new
findings on the important role that EC plays in the relations between
early parenting and preschool resiliency outcomes. Little is known,
however, about whether EC also serves as an important pathway
during early childhood in the relations between early maternal
sensitivity and subsequent latency to positive emotions following
challenge. Whereas maternal intrusiveness may provide a context
that is associated with lower levels of EC, maternal sensitivity may
provide a context that facilitates the growth and development of
early emerging EC abilities. These assets, in turn, may be capi-
talized on to facilitate flexible adaptations across transitions and,
specifically, shorter latencies to express positive emotions follow-
ing challenge.
STUDY GOALS
Based on existing theory and research, we hypothesize that EC will
mediate relations between maternal sensitivity and infant negative
affect at 7 months and latency to positive emotions at 33 months.
Specifically, we hypothesize that higher levels of maternal sensi-
tivity and lower levels of infant negative affect at 7 months will
predict shorter latencies to positive emotions following challenge




One hundred fifty-six children and their mothers from the United
States enrolled in the study (McDonough, 1994). Mothers and
infants were recruited from pediatric clinics and assessed when
the infants were 7 months old. Fifty-seven percent of the infants
were female, and 43% were male. Eighty percent were Caucasian;
20% were classified as non-Caucasian. Twenty-eight percent were
enrolled in childcare at 7 months. Average age for mothers was
30 (range = 16–43) years. Thirty-eight percent of mothers had
less than a bachelor’s degree; 62% had a bachelor’s degree or
above. The median annual family income at 7 months was be-
tween $55,000 and 59,999 (interquartile range = $35,000–79,999).
Eighty-six percent of the mothers were married, 5% were living
with a partner, and 9% were single or divorced. Attrition analy-
ses revealed no significant differences between study participants
and those who dropped out on child gender, race, enrollment in
childcare, and mother’s marital status. Significant differences were
revealed, however, for maternal age, p < .05, and family income,
p < .05, with older ages and greater income for study participants
versus those who dropped out.
7-Month Procedure
Maternal interview and mother–infant interaction. At 7 months of
age, infants and their mothers were visited at home by a trained
graduate student. Demographic information was collected during
an interview. One week later, mothers and infants participated in a
series of free-play and structured teaching tasks in the laboratory
(Crowell & Feldman, 1988) along with the Still-Face procedure
(Tronick & Weinberg, 1992).
Maternal sensitivity in the laboratory. The extent to which mothers
were infant-centered (e.g., follow cues, gently soothe, acknowledge
infant state, use appropriate pacing, soft tone) was rated on a scale
of 0 (none) to 3 (high).
Infant affect in the laboratory. Trained research assistants rated the
frequency and intensity of positive (e.g., cooing, smiling, laughing)
affect during the free-play task, the teaching task, and the Still-Face
episode. Infant negative affect (e.g., fussing, crying, screaming)
also was rated on a scale of 0 (none) to 3 (high) during the free-
play task, the teaching task, and the free-play interaction task in
the high chair during the Still-Face episode (Miller, McDonough,
Rosenblum, & Sameroff, 2002). Weighted kappa values for ma-
ternal sensitivity, infant negative affect, and infant positive affect
were .71, .83, and .87, respectively.
33-Month Protocol
Maternal interview and mother–child interaction. When children
were 33 months old, they were visited at home by a trained grad-
uate student. Demographic information was collected during an
interview with the mother. One week later, mothers and children
participated in a series of interaction tasks at the laboratory based
on the goodness-of-fit protocol (Seifer, Dickstein, Parade, Hayden,
Magee, & Schiller, 2014). These included a free-play task, cleanup
tasks, empathy tasks, two teaching tasks, two challenge tasks, and
two problem-solving tasks.
Emotion-induction tasks. Mothers were asked to leave the room
and observe through a one-way mirror while children participated
in four tasks used to induce anger and joy in children (Laboratory
Temperament Assessment Battery: Preschool Version; Goldsmith,
Reilly, Lemery, Longley, & Prescott, 1999). These tasks have been
specifically designed and validated for use with children between
36 to 50 months of age. Because the children in the present study
were 33 months old, we reduced the duration of the anger tasks to 2
min and the joy tasks to 1 min. The anger–joy tasks were presented
to children in pairs.
For the first pair, children participated in (a) the attractive
toy in container task (Children are asked to use a key to get the
toy out of a locked, clear container.), followed immediately by
(b) the popping bubbles task (Bubbles are sent into the air from
a toy, and children are instructed to pop as many bubbles that
they can.) After this pair, children were given a 30-s or longer
break to return to emotional baseline. For the second pair, children
participated in (c) the draw a perfect green line task. Children are
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given a sheet of paper and a green marker and asked to draw an
impossibly perfect, green line. An adult working with the child will
give sensitive feedback, asking the child to try again. The original
task was modified from drawing a circle to drawing a line because
the children in our study were 3 months shy of the 36-month
age for which the task was developed. Immediately following the
draw a perfect line task, children participated in the final (d) tickle
the bunny task, which was used to induce joy (Conway, 2005).
Children were asked to tickle a toy bunny and to make the bunny
laugh. Children were videotaped while participating in these tasks,
which were subsequently coded by trained, undergraduate research
assistants.
Coding/Data Reduction
EC. EC was based on assessments of persistence. Trained research
assistants rated the child’s persistence during the 33-month visit for
all tasks except for the emotion tasks. Adapted from the NICHD
Early Child Care and Youth Development Study (2005), child
persistence ratings reflected the degree to which the child sustained
long periods of attention, and involvement in the activities was
rated on a scale of 1 (very low) to 5 (very high). Children scoring
low on persistence may refuse involvement, engage in off-task
activities and behaviors, and be easily distracted, inattentive, or
distracted. Children scoring very high may be actively engaged
with the task and actively persists. Coders met for extensive training
and supervision with a master coder. Reliability was calculated on
20% of the tapes, and the average reliability score (weighted κ)
was .58.
Emotional-expression coding. Trained undergraduate research as-
sistants coded children’s emotional expression at 33 months during
the four emotion-induction tasks. Facial and voice-quality cues de-
veloped by Cole, Barrett, and Zahn-Waxler (1992) were used to de-
termine the presence of anger, sadness, and joy coded continuously
on a second-by-second basis. Coders were trained extensively and
supervised by a primary coder. Consensus meetings were held to
resolve trainees’ questions. Two students, one for each anger-joy
pair, coded the data. To reduce coder bias, each student coded one
pair of anger-joy tasks and was not allowed to code the second
pair. Coders continued training until agreement was reached on
20% of randomly selected tapes. Percent agreement ranged from
.71 to .99.
The proportion of time that children expressed anger, sadness,
and joy was calculated for each child. This produced three outcome
scores for each child-anger, sadness, and joy-for all four emotion
tasks. As expected, more anger and sadness were expressed dur-
ing the container and line tasks whereas more joy was expressed
during the bubble and bunny tasks, p < .05 (Table 1). No gender
differences were observed.
Latency to positive emotion following challenge. The total number
of seconds until children expressed joy following the challenge
tasks was calculated, and log transformations were used to correct
for skewness. Latencies to joy expression in the bubble and bunny
TABLE 1. Mean Proportion of Emotions Expressed During Emotion
Tasks
Container Line Bubble Bunny F
Emotion (120 s) (120 s) (60 s) (60 s) (1, 154)
Anger 0.32 (0.27)ab 0.16 (0.18)ab 0.02 (0.06)ac 0.03 (0.08)ac 115.01∗∗∗
Sadness 0.14 (0.25)ab 0.04 (0.12)ab 0.01 (0.07)ac 0.02 (0.10)ac 26.39∗∗∗
Joy 0.30 (0.10)ab 0.20 (0.24)ab 0.55 (0.36)a 0.83 (0.33)a 291.43∗∗∗
Note. Numbers in parenthesis are SDs.
∗∗p < .01, ∗p < .05. Means in the same row that share superscripts differ at
p < .05.
tasks were significantly correlated, r = .23, p < .01, and scores
were standardized and averaged to create a composite score used
in all analyses. Longer latency to positive emotion was associated
with (a) more sadness in the bubble task, r = .35, p < .001, and
(b) more anger in the bubble task, r = .14, p < .09, and the bunny
task, r = .18, p < .05, and (c) less joy in the bubble task, r = −.38,
p < .001, the line task, r = −.24, p < .01, and the bunny task, r =
−.46, p < .001.
RESULTS
Descriptive Information and Correlations
Relations between demographic and outcome variables were as-
sessed. Specifically, we tested differences in EC and latency to
positive emotions based on child sex, child race/ethnicity, mater-
nal education, marital status, and family income. No differences
were revealed. Maternal age, however, was significantly associated
with shorter latency to positive emotion. Therefore, maternal age
was included as a covariate in all analyses.
Tables 2 and 3 present descriptive statistics and correla-
tions, respectively. Maternal sensitivity variables were significantly
TABLE 2. Descriptive Data for Measures in Model Testing
Range
Variable M Possible Observed
Maternal Sensitivity at 7 Months
1. Free Play 2.32 (0.64) 0–3 1–3
2. Teaching Task 2.35 (0.69) 0–3 0–3
3. High Chair Interaction 2.04 (0.79) 0–3 0–3
Infant Affect at 7 Months
4. Negative Affect Still-Face 1.51 (1.14) 0–3 0–3
Effortful Control at 33 Months
5. Persistence 3.25 (0.90) 1–5 2–5
Emotion Regulation/Latency to Positive Emotions
Following Challenge at 33 Months
6. Latency to Positive Emotions 7.58 (10.74)a 1–60 1–60
Controls
7. Maternal Age 29.93 (5.143) 16–43 16–43
8. Infant Positive Affect Face Play 0.87 (0.79) 0–3 0–3
Note. Numbers in parentheses are SDs. aTotal number of seconds.
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TABLE 3. Correlation Matrix of Variables Included in Model Testing
Variables 1 2 3 4 5 6 7 8
Maternal Sensitivity at 7 Months
1. Free Play –
2. High Chair Interaction .34∗∗∗ –
3. Teaching Task .34∗∗∗ .21∗∗ –
Infant Affect at 7 Months
4. Negative Affect −.07 −.19∗∗−.12 –
Effortful Control at 33 months
5. Persistence .13 .22∗∗ .06 .04 –
Emotion Regulation/Latency to Positive Emotion
Following Challenge at 33 Months
6. Latency to Positive Emotions−.18∗ −.06 −.16∗ −.02−.23∗∗ –
Controls
7. Maternal Age .17∗∗ .24∗∗ .25∗∗∗ .00 .10 −.20∗∗ –
8. Infant Positive Affect .09 −.04 .08 .00−.08 −.10 −.06
Note. ∗p < .05, ∗∗p < .01, ∗∗∗p < .001.
correlated and were associated with infant/child variables. Mater-
nal sensitivity during the high chair free-play task was significantly
associated with higher EC and negatively associated with infant
negative affect. Maternal sensitivity during the free-play task was
marginally associated with shorter latency to positive emotion.
EC predicted shorter latency to positive emotion. Finally, maternal
age was associated with higher levels of sensitivity during the free-
play, high chair, and teaching tasks and shorter latency to positive
emotion.
Measurement Model
Confirmatory factor analysis was used to examine the factor struc-
ture for measures of maternal sensitivity. The latent factor for
maternal sensitivity was indicated by maternal sensitivity demon-
strated during the free-play, teaching, and high chair free-play
tasks. Maternal age was included a covariate since it was signifi-
cantly associated with the outcome variables of the structural model
and will be used in the structural model. Infant positive affect also
was included as a covariate since it will be used as a covariate in the
structural equation model. The measurement model was a good fit
to the data, χ2(4, N = 156) = 6.26, p < .18, Tucker–Lewis index
(TLI) = .89, comparative fit index (CFI) = .96, and root mean
square error (RMSEA) = .06. Findings indicate that the manifest
variables were related to the latent variable, as hypothesized (The
measurement model and parameter estimates are not shown but are
available upon request).
FIGURE 1. Longitudinal structural model with standardized estimates. Covariates include maternal age and infant positive affect. χ2(10, N = 181) = 14.13, p < .17,
Tucker–Lewis index (TLI) = .840, comparative fit index (CFI) = .943, root mean square error (RMSEA) = .05, FP = Free Play; HC = High Chair Interaction; TT =
Teaching Task.
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TABLE 4. Summary Direct, Total, and Indirect Effects of Maternal
Sensitivity and Infant Negative Affect at 7 Months to Latency of Positive
Emotions at 33 Months
Direct Total Indirect
IV → Latency to Positive Emotions
Maternal Sensitivity −0.310 (0.468) −0.436 (0.400) −0.126 (0.187)∗
Infant Negative Affect −0.031 (0.065) −0.045 (0.062) −0.015 (0.015)
Note. IV = Independent variable.
∗p < .05.
Structural Equation Modeling (SEM)
SEM was used to test the longitudinal hypothesis that maternal
sensitivity and infant negative affect predicted EC, which in turn
predicts shorter latency to positive emotions using Amos 21.0
(Arbuckle, 2012). Because maternal age was significantly asso-
ciated with maternal sensitivity and latency to positive emotion,
maternal age was included in the model as a covariate. Infant pos-
itive affect at 7 months also was included as a covariate to control
for prior levels of positive affectivity. Maternal sensitivity, infant
affect (both positive and negative), and maternal age were allowed
to correlate.
The model provided a good fit to the data, χ2(10, N = 156) =
14.13, p < .17, TLI = .84, CFI = .94, RMSEA = .05 (Figure 1;
also see the Appendix 1). Results indicate a significant indirect
effect of maternal sensitivity at 7 months on latency to positive
emotion at 33 months. This indirect effect was offset, however, by
a (nonsignificant) direct effect, resulting in a nonsignificant total
effect.
The SEM model revealed no significant direct paths between
maternal sensitivity and infant negative affect at 7 months and la-
tency to positive emotions at 33 months. However, indirect effects
were significant, indicating that maternal sensitivity, but not infant
negative affect, significantly predicted higher EC, which in turn
significantly predicted shorter latency to positive emotion follow-
ing challenge (Figure 1). In other words, children whose mothers
demonstrated more sensitivity at 7 months evidenced higher levels
of EC at 33 months. In turn, higher levels of EC were significantly
associated with shorter latency to positive emotion at 33 months.
These findings suggest that the indirect effects of maternal sensi-
tivity at 7 months and latency to positive emotion at 33 months
operate through effects on EC (Table 4).
The indirect effect of EC on the relation between maternal
sensitivity and latency to positive emotion was tested with boot-
strap methods (MacKinnon, Lockwood, & Williams, 2004). With
the number of bootstrap resamples = 250, the mean indirect effect
was −.126, p = .03, which fell between a 90% confidence interval
of −.624 and −.025. Statistical significance of the indirect effect
was reflected in the lack of inclusion of zero in the confidence
interval.1
1Because EC and latency to positive emotions were measured concurrently, we
checked the alternative reverse model. Results showed that latency to positive
DISCUSSION
As a new contribution to research, we examined the early an-
tecedents and predictors of the ability to self-generate positive
emotions following challenge—An important aspect of emotion
regulation. We hypothesized that higher levels of maternal sen-
sitivity and lower levels of infant negative affect during the first
year of life would predict higher levels of EC and that this in
turn would predict shorter latencies to positive emotions fol-
lowing challenge. Results provide support for our hypothesized
model. Maternal sensitivity at 7 months, but not infant nega-
tive affect, predicted better EC, which in turn was associated
with shorter latencies to positive emotions following challenge
at 33 months. We believe that this is the first study to docu-
ment these relations. In the following sections, we discuss the
findings.
Studies have begun to address children’s expressions of posi-
tive emotions following challenge as an important aspect of emo-
tion regulation, but significantly less attention has been placed
on examining early antecedents and underlying mechanisms and
pathways that forecast the development of this ability. Our findings
linking maternal sensitivity and EC in early childhood support the-
ory for the role of environmental influences on the development of
EC (Rothbart & Bates, 2006). They are also consistent with a grow-
ing research base illustrating relations between aspects of parenting
such as maternal sensitivity, positivity, and support and later EC
(Eisenberg et al., 2005; Kochanska & Murray, 2000; Kochanska
et al., 2000; NICHD Early Child Care Research Network, 1998;
Spinrad et al., 2012). In particular, our findings of higher levels of
maternal sensitivity at 7 months predicting higher levels of EC are
consistent with existing studies and extend this work to demon-
strate that maternal sensitivity during the first year of life forecasts
better EC 2 years later.
With respect to relations between EC and latency to pos-
itive emotions following challenge, a few studies previously
have demonstrated relations in older children (Eisenberg et al.,
2003; Kieras et al., 2005; Simonds et al., 2007). Our findings
are consistent with prior work and extend it by reporting that
EC is an important link in the pathway from maternal sensitiv-
ity during infancy and this component of emotion regulation at
33 months.
Indeed, our findings also support theory proposed by Posner
and Rothbart (2000) that EC plays an important role in facilitat-
ing emotional processes and regulation, and suggest that children’s
development in EC abilities provides the attentional and cognitive
foundation from which children can capitalize on in the service of
generating and regulating emotions. Through repeated and early
experiences of development within the context of sensitivity, in-
fants over time may strengthen their emerging executive attention
and EC abilities. It is these abilities that may underlie their abil-
ity to flexibly self-generate and regulate positive emotions—even
emotions following challenge did not mediate relations between maternal
sensitivity, infant negative affect, and EC. Results are available upon request.
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after challenge. In sum, although direct effects were not signifi-
cant, indirect effects were found such that maternal sensitivity at
7 months predicted higher levels of EC, and this was associated
with shorter latencies to positive emotions following challenge at
33 months.
Interestingly, infant negative affect was not associated with
children’s EC and latency to positive emotions following chal-
lenge. We also controlled for infant positive affect, and it also was
not associated with EC or latency to positive emotions following
challenge. Although this was unexpected, the lack of associations
between infant negative and positive affect and subsequent EC may
be because these are two different temperament systems. For ex-
ample, it is possible that infant positive affect reflects the reactive
component of temperament, or more specifically, exuberance and
high approach based on Gray’s (1991) behavioral approach sys-
tem. Temperamental reactivity and EC are separate systems with
distinct neural pathways and have been found to make indepen-
dent contributions to child behavioral outcomes (Eisenberg et al.,
2004; Rothbart & Posner, 2006). This may be particularly true of
relations between reactivity during infancy and later EC, which
undergoes significant development during toddlerhood. Therefore,
these systems may not be strongly related at different points of
development.
The lack of associations between early infant positive affect
and 33-month latency to positive affect also may be because they
are tapping different underlying emotional constructs. Indeed, the
former may reflect positive affectivity whereas the latter may re-
flect emotion regulation, and these may be distinct. Likewise, la-
tency to positive emotions following challenge actually may be
an index of the larger construct of emotional resilience, or ego-
resiliency, which is commonly studied and measured in the adult
literature reflecting one’s ability to emotionally recover following
stress and challenge (Fredrickson, Mancuso, Branigan, & Tugade,
2000).
Strengths of the study include the use of a longitudinal
design, multiple observational measures, and SEM. SEM al-
lowed for control of measurement error and simultaneous tests
of longitudinal effects. Furthermore, the study design provided
a unique opportunity to assess emotional expressions and emo-
tion regulation on a second-by-second basis. Observational as-
sessments of EC components such as persistence, which have
received considerable attention in EC research, also were used
(Eisenberg et al., 2003; Kochanska & Murray, 2000). This study
expands on existing research by examining these relations in
(a) 33-month-old children, (b) boys and girls, and (c) a large
sample.
Despite the strengths, there are a number of limitations. For
example, although we used emotion tasks that have been well-
validated for children between the ages of 36 to 50 months,
the children in the study were only 33 months. Although the
children in this study were just 3 months shy of 36 months,
caution is needed in interpreting these findings. Another limita-
tion is that EC and latency to positive emotions were assessed
concurrently, and it is possible that latency to positive emotion
mediates the relations between maternal sensitivity and EC. As
a check, we tested this alternative model; the results showed
that latency to positive emotions did not mediate relations be-
tween maternal sensitivity and EC (results are available upon
request).
Also note that findings from the study may not generalize to
children across different cultures and contexts. Significant cul-
tural differences exist in cultural beliefs and norms about ap-
propriate expressions of emotions. For example, although max-
imizing positive emotions may be a cultural goal in Western
contexts, moderated positive and negative emotions may be a
cultural goal in Asian contexts (Leu, Wang, & Koo, 2011). In-
deed, low-arousal positive emotions may be preferred by East
Asians whereas high-arousal positive emotions may be preferred
by European Americans (Tsai, 2007). Therefore, latency to pos-
itive emotion following challenge, along with antecedents and
underlying mechanisms, may vary across different cultural con-
texts and must be taken into consideration for future research and
interventions.
In future research, it also will be important to examine whether
latency to positive emotions is an early marker or correlate of com-
petent or problematic developmental outcomes and trajectories.
Indeed, young children’s ability to self-generate positive emotion
following disappointment has been associated with low levels of
behavior problems (Cole, Zahn-Waxler, & Smith, 1994). Likewise,
in adults, findings have indicated that expressions of positive emo-
tions following stress and challenge are associated with positive
adaptation following loss (Bonanno & Keltner, 1997), positive ad-
justment following the September 11, 2001 attacks on the World
Trade Center and the Pentagon (Fredrickson, Tugade, Waugh, &
Larkin, 2003), and faster cardiovascular recovery following stress
(Fredrickson & Levenson, 1998; Fredrickson et al., 2000). Lit-
tle observational research, however, has examined this form of
emotional resilience and the longitudinal and concurrent behav-
ioral correlates in early childhood. It is possible that our obser-
vational assessment of latency to positive emotions overlaps with
rating assessments of ego-resiliency used in the Eisenberg et al.
(2003, 2004) studies and may be an important direction for future
research.
In summary, findings from this study may have important
implications for infant mental health prevention and interven-
tion. Like the related constructs of emotion regulation and ego-
resiliency, the ability to flexibly transition across changing contexts
and generate positive emotions following challenge is predicted
by early experiences of maternal sensitivity and EC. This suggests
that maternal sensitivity and EC are important starting points in
this developmental pathway and should be considered in preven-
tive interventions in infant mental health. Although more research
is needed, interventions designed to enhance maternal sensitiv-
ity and EC may have important effects on the development of
children’s emotional functioning—particularly positive emotional
functioning.
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APPENDIX
Unstandardized and Standardized Estimates for Model in Figure 1
(SEs in parentheses; N = 156)
Structural Model Estimates Unstandardized Standardized
Maternal Sensitivity → Persistence .77 (.36)∗ .30∗
Maternal Sensitivity → Latency to Positive
Emotions
−.31 (.29) −.14
Persistence → Latency to Positive
Emotions
−.16 (.07)∗ −.19∗
Infant Negative Affect → Persistence .09 (.07) .11
Infant Negative Affect → Latency to
Positive Emotions
−.03 (.06) −.05




Maternal Age and Persistence −.01 (.02) −.03
Maternal Age and Latency to Positive
Emotions
−.02 (.01) −.13
Infant Positive Affect and Persistence −.12 (.09) −.11
Infant Positive Affect and Latency to
Positive Emotions
−.11 (.08) −.12
Covariance Maternal Age and Maternal
Sensitivity
.71 (.23)∗ .39∗
Covariance Maternal Age and Infant
Negative Affect
.04 (.47) .01
Covariance Maternal Age and Infant
Positive Affect
−.26 (.33) −.06
Covariance Infant Positive Affect and
Maternal Sensitivity
.02 (.03) .08
Covariance Infant Positive Affect and
Infant Negative Affect
.00 (.07) .00
Note. Model controls for maternal age and infant positive affect. χ2(10, N =
156) = 14.13, p < .17, Tucker–Lewis index = .84, comparative fit index = .94,
root mean square error = .05.
∗p < .05, ∗∗p < .01, ∗∗∗p < .001.
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